as part of a chase game. In addition, on BCI adult males were on the ground before attacking adult females. We discuss potential explanations, e.g., climate, species differences, predation pressure, for the differences between the Central/North and South American observations.
INTRODUCTION
Although many Old World monkey species are largely terrestrial, New World monkeys are almost all exclusively arboreal (Napier and Napier, 1985) . Spider monkeys (Ateles spp.) are not only almost exclusively arboreal, but they spend most of their time in, and are highly adapted for, the upper canopy (van Roosemalen, 1985; Youlatos, 2002) . Unlike Ateles, capuchins (Cebus spp.) and squirrel monkeys (Saimiri spp.) often spend time on the ground foraging for insects and small vertebrates (Fleagle, 1999) . Cebus and Saimiri are generalized quadrupeds (Freese and Oppenheimer, 1981; Boinski, 1989) allowing for the utilization of multiple habitat levels. Spider monkeys however have shoulder joint modifications and elongated forelimbs making terrestrial quadrupedism more difficult. In fact, when spider monkeys venture to the ground, they often walk bipedally.
Spider monkeys are one of the largest of the New World monkeys, with an average body mass of 7-8.5 kg (Coehlo et al., 1976; Karesh et al., 1998) and are ripe fruit specialists (Klein and Klein, 1977; van Roosemalen, 1985; Symington, 1987; Chapman, 1988; Russo et al., 2005) . Patches of fruit sufficient to support such large monkeys are found mostly in the main canopy of a tropical forest (Symington, 1987) . Spider monkeys rarely visit lower canopy levels and venture to the ground even less frequently (van Roosemalen, 1985; Youlatos, 2002) . The ground and lower canopy levels are poor locations to find ripe fruit. More importantly, the ground can be a dangerous place because of the variety of animals that may prey on spider monkeys. Reports of ground use by spider monkeys and by other neotropical primates have emphasized the predation risks that the monkeys face there (Heymann and Hartmann, 1991; DiFiore, 2002; Miller, 2002) . Predators include Felidae-jaguars, pumas and ocelots-venomous and constricting snakes, crocodilians, raptors, e.g., harpy eagles, and humans. While many of them are also capable of preying on spider monkeys in trees, the monkeys appear to perceive the ground as being more dangerous, perhaps because, their morphology precludes them from locomoting efficiently there.
Given the seemingly high levels of predation risk to the monkeys and likely poor returns of food, it is not surprising that ground use by spider monkeys is rarely observed. The question then becomes what factors influence a spider monkey's decision to come to the ground? If a real or perceived threat of predation is the main factor limiting ground use, then monkeys should only come to the ground when the risk is outweighed by the benefits, for example to drink water when it is not available in the canopy or to consume an important food or mineral source (Di Fiore, 2002) .
We examined data from multiple sites where Ateles spp. have been studied to determine the conditions under which they venture to the ground and the approximate rate of ground use.
METHODS
We examined data from 5 sites where spider monkeys have been studied for ≥1 yr. Due to the rarity of observing spider monkeys on the ground, all the data were collected ad libitum (Altmann, 1974) . Background information on the 5 study sites is in Table I . We excluded accidental ground use such as when a monkey falls from a tree, and counted instances of terrestrial behavior equally regardless how many individuals were involved because in some cases it was difficult to determine the exact number of subjects. We present data as a rate of ground use per hour of contact. Due to the opportunistic nature in which the data were collected, statistical analyses to test for significant differences in rates of terrestrial behavior between the different sites are not appropriate.
RESULTS
Of the 5 study sites, Santa Rosa in Costa Rica showed both the highest and lowest rates of total terrestrial behavior per hour of contact (Fig. 1a) . Excluding the low rate in the most recent study there, which may be due to a lack of habituation, Ateles geoffroyi appears to use the ground more than the South American species does. We further partitioned terrestrial behavior at all sites into the categories in Table II (Fig. 1 ). Data concerning males commencing an attack from the ground are only available for BCI, where it occurred at a rate of 0.0035 instances per hour of contact. It occurred recently at Punta Laguna, but the data were not available for this analysis. Whereas Ateles geoffroyi appear to use the ground for all categories, though rarely for feeding, their South American counterparts were only on the ground to feed. 
DISCUSSION
Data from the 5 sites indicate that the spider monkeys rarely venture to the ground. Patterns of terrestrial behavior are not consistent across sites; there are differences in the frequency of ground use and the circumstances under which monkeys visited the ground. Spider monkeys at Punta Laguna and the 2 Central American sites not only used the ground more frequently than their South American counterparts, but also their ground use occurred in a greater variety of circumstances. The South American spider monkeys came down to the ground to feed only. In contrast, feeding was the least common reason for ground use by Ateles geoffroyi. There are many possible reasons for the difference in terrestrial behavior between the South America spider monkeys and their northern counterparts. The first is phylogenetic i.e., spider monkeys in the 2 regions are different species. Given the similarities in behavioral ecology between the different spider monkey species, e.g., fission-fusion social system, vocalizations, diet and male-female relationships, this seems to be an unlikely explanation.
The higher rate of drinking from the ground for Ateles geoffroyi is almost certainly related to climatic differences. Strong seasonality in climate can lead to dry seasons where little to no rain falls for months. Normal sources of drinking water dry up and the monkeys are forced to search for water in less desirable locations. Rainfall seasonality at the 2 South American sites is less extreme than at the more northerly sites (Terborg, 1983; Di Fiore and Rodman, 2001 ) and the monkeys are likely to be able to locate arboreal water sources year round. Klein (1972, p. 487) reported that Colombian spider monkeys never came down to the ground to drink, as there were always arboreal water sources available.
It is unclear why descending to the ground to feed on rotten wood or soil or from a salt lick occured more frequently at the 2 South America sites; however, geophagy by Neotropical primates generally is confined to South American sites (Heyman and Hartmann, 1991; Izawa, 1993; Müller et al., 1997; Setz et al., 1999; De Souza et al., 2002) . Explanations for Neotropical primate geophagy typically revolve around nutrient supplementation (Heyman and Hartmann, 1991; Izawa, 1993; Müller et al., 1997; Setz et al., 1999) or detoxifying secondary compounds consumed during times of heavy leaf consumption (De Souza et al., 2002) . Izawa (1993) reported similar rates of geophagy by Ateles belzebuth in Colombia. Analysis of the soil and water from salados (salt licks) at Izawa's (1993) site showed that the soils were nutrient rich, but there was no consistent composition of in the nutrients. Salado water was 3 times higher in sodium than other water (Izawa, 1993) . Dew (2005) suggested that phosphorous in the soils consumed by the monkeys may be an important factor. There is no reason why geophagy by different species, at different locations, or even at different times should have one explanation; however, the apparent lack of soil-eating by Neotropical primates in the more seasonal forests of Central America and Mexico is interesting. Geographically based differences in plant communities and soil types may mean that the South American spider monkeys have additional nutrient requirements. Alternatively, leaves in seasonal and aseasonal forests are dissimilar in chemical composition (nitrogen:fiber ratios) due to their different life spans (Leigh, 1999, pp. 162-163) . The possibility that leaf-eating by primates in aseasonal but not seasonal forests leads to geophagy as a means to detoxify secondary compounds warrants further investigation also.
Crossing between discontinuous forest fragments occurred at BCI and Santa Rosa. It occurred also at Punta Laguna (Ramos Fernandez and Vick, unpublished data) . Its absence at the 2 South American sites is almost certainly due to the more continuous forest there.
A potential explanation for the overall lower rates of ground use by South American spider monkeys relates to the predator communities at the 2 sites. In general the predator communities are more intact at these sites. While large felids are present at the 3 northern sites, their population densities are likely or known to be significantly lower than at the more remote and intact forests of Yasuni and Cocha Cashu (Glanz, 1982; Emmons and Feer, 1990; Wright et al., 1994) . Anecdotal evidence suggests that much of the decision making about ground use relates to a perceived or real threat of predation by ground dwelling predators. Spider monkeys on the ground appear very nervous, continually scanning the environment and often taking long periods of time before finally descending. On BCI, where large felids are only intermittently observed on the island (Wright et al., 1994) , the mon-keys scanned ≤20 min before coming to the ground to drink. At Yasuni, where large felids are more common (DiFiore pers. comm.), the monkeys scanned the environment for ≤2 h before coming down to a salt lick. Woolly monkeys (Lagothrix lagotricha) at Yasuni are also more vigilant than expectant when close to the ground, which has been interpreted to be a behavioral response to increased risk of predation there (Di Fiore, 2002) .
Curiously, when spider monkeys were involved in a chase game they seemed to be unwary. At BCI, Santa Rosa and Punta Laguna individuals would run on the ground with much less regard for the threat of predation. Indeed, on BCI (July 2003) juveniles engaged in a chasing game on the edge of the lakeshore (often contacting the water), where potential aquatic predators such as crocodiles and caiman are frequent (Campbell, pers. obs.) . At BCI and Punta Laguna adults may act as sentries while juveniles are playing. At Punta Laguna adult females appeared to be vigilant while juveniles played on the ground, and they shook branches at the human observer. On BCI juveniles and females with young offspring never engaged in the game unless adult males were nearby. Adult males would refrain from joining the game and appeared to take a sentry role, staying nearby and low in the trees. Juveniles played the same game on the rooftops of the laboratory and dormitory buildings on BCI without the presence of adults.
Further evidence from Santa Rosa supports the notion that ground use by Ateles spp. is limited by a perceived threat of predation. In the most recent study terrestriality occurred at a much lower frequency that in the previous study. Indeed, only one instance of playing on the ground occurred in the later study, and it terminated when the field assistant approached the scene. Juvenile spider monkeys played with white-faced capuchins (Cebus capucinus), which frequently engage in chase-like games on the ground (M. Panger, K. C. MacKinnon, K. Jack, and M. Baker, personal communication). The spider monkeys that KM and FA observed were not fully habituated to human observers. Accordingly, if they perceive humans to be as a threat, then this may explain this difference between ground use during the recent study and the earlier study when they were more fully habituated.
As the monkeys have become more habituated in ongoing studies at Santa Rosa, they have been on the ground during more observations (Aureli unpublished data). Klein (1972; p. 488 ) also suggested that the presence of a human observer probably deterred a group of females and juveniles from coming to the ground on one occasion in his study. Another factor important to the difference in ground use observations between the 2 Santa Rosa studies is that the earlier study was mostly carried out during dry season months, suggesting that the rate of drinking may have been inflated.
In conclusion, while spider monkeys are clearly adapted for a life in the trees, there are occasions when they venture to the ground. Where predator communities are more intact and there is a high risk of predation (or at least a perception of a high risk) spider monkeys do not come down to the ground except in very limited conditions when nutritional returns are high. In contrast, where predator communities are less intact, spider monkeys not only come down to the ground for nutritional reasons, e.g., water, but also to socialize and to traverse gaps in the canopy.
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